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Reforsnce: ¥AC/138/018
1. SUMMARY

The electrical capacitance'of a number of subjects wearing Insulating
or conductive types of foutwear on various insulating or conductive floors
have been measured. The values range from 150 - 300 M F for insulated
conditions to 700 - 1500 uu}F for conducting conditions. The efrfective sk'n
resistances during electrostatic discharges from the hands &nd finger tips have
been dotermined; also several measurements have been made under low-vol tege
continucug-current conditicns. The velues of resisiance determined by the
dynamic method sra counsiderably smaller than those given by the low-voltage
method. The results of the capacitance and 1esistance measurements are
digcugsed in relation to “he elec*rostatic hazard of handling primary
explosives, and to 2 possibls eirc it equivalent to a discharging person.

2,  INTRCLUCTION

It is usually considered that a spark from a humin is equivalent to that
from a capacator of about 400 .ul’ dischirg.ng tirough a reusictance of the order
of 100,000 oime. In previous reports (1,2) the incendivity of this type of
spark has been snown to bc comparable with those used in sonsitiveness tests
employing a conductive-rubber base elecirode. Continuation of this work (2)
hae eatablished fairly pracise valuas for the minimum capacitance for
ignition of the more importunt primary oxplesives under the test coadi*ions.
The usefulness of these values, and confidence in them, would be increased
if more accurate values of human capacitance were known for a variety of
conditions, e.g. type of footwear, type of floor, proximity to large earthed
objects, etc, The firat part of this report covers the determination of
capacitance under such conditions.

Similarly it is nccessary to xnow the effective resistance wnen a
diacharge takes place from a chargad person. Qualitative agreement as
rygurds the characterisiics were obtained previously (2) for the discharge
from a person and the discharge via conductive rubber. The desirability of
mere precise measurement of resistance was pointed cut. It was also
deronstraiwd thet opsrk splittang could be obtained 1n hath cases.  However
the interval between individual sparks must also depend on the effective
resistance under d_scharge condition3. The second pari of the report deals
with these aspects.

3.  CAPACITANCE MEASUREMENTS

Previcus estimates of the u.pacitance of persons have usually been
obtained by chorge-shsring with a good quality capacitor. However, neither
this method, nor one using u capacitance bridge, is suitable where there
is appreciable leakage to earth, particularly if the leakage resistance 1s
dependent on the applied voltage (2). A dynamic method is neaded so that
the effective capacitance can be doternined under discuarge conditions, and
an oscillographic technique as adopted.

3.1  Experimental

The basic circuit is shown in Fig., 1. The person whose capacitance
vas being measured stood on the type of floor and wore tne type of shoes
uandar investigation. He held in one hand a brass rcd electrode, 1 inch
dirmeter and 4 inches in length. This rod was connectad to the anode of

/2 eeies
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a small thyrav -on CV4U13 through a known resistor dge  The asnode was
maintained normaily st a potential of 360 volts, via a resistor RHT connected

to the .T. line of a R.A,R.D.E. Kk IIB oscilloscope. The hand electrode
was also connected dirertly to one of the Y plates of the cscilloscope, the
other plate being earthed. On closing switclk 5, the thyratron is fired
simultaneously with the time base, and thea hand electrode, tcgether with the
person nclding it, discharges through Rw. The rate of discharge is

dotermined from the oscillogram in accorisncs with the relationship

t veree 1

C =

R x 2,303 logy, (Vo/vt)

where C = capacitance in farads,
R = Ry in ohms,

V = initial potential at the hand electrude.

-3
1]

potential at the hand electrode afier time t seconds.

The values of C obtai.ed in ~his way also include the capacitance of the Y
plate and the connection to its This capmocitance was found in a separate
test to be 20 uuF, and this correction wag subtracted from the above values
of C to give the capacitances quoteds The value of Rw was chosen to be at

least 20 times that of the skin in contact with the brass rod as desoribed
in Sectaon 4.2, so that the actual value of the skin resistance, including
the inevitable variations, could be nuglecteds In addition the value of BHT

had to be selected so that no appreciable recharging of the anode circuit took
place during the recording of the tracs {(tutal timss usually beiween 30 ead

100 micrcseconds). A fu.ther res.stance value had to be considered in “hose
instances where there was appreciable leakage to earth (i.e. for the conductive
shoes/conductive flooring combinations). This resistance was effectively

2 shunt or parallel diacharge path tc that ‘hrough Rw. In practice, therefare,

the following resistances control the potential at the kand electrode:
(a) Ryn controls the rate of charging of ths system,

(v) Ry controls the rate of discharge (for most of the tests R

W " 40 kﬂ),

(c) Ry, in serics with Ry in the discharge circuit,

(a) Rp the resistance tirough the feet io earth, and therefore a
parallel discharge circuit to RT in series with RS'

So that Ry can be used in the calculation for C with the minimum errcr, the
valves of all resistances must be selacted go thet RS << Rw << RF and
Ry << RHT’ With values of Rp loss than about 2 megohms the 360 volt h.t.

supply was insutficient to maintain a suitabls potential, V, on the subject
since the maximum yolue ic given by
v . S * B
= TR erees 2
B + By
/In sieee
-2 .
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In order to maintain V at sboul 30 volts, an external source of 5CU - 800
volts was used in conjunction with a reduction in the vrive of RHT frem about

5 wegohms to 1 megohm. This low value of RHT increased the recharging rate,

but equotion 1 was still sufficiently valid if the first 10 micrescconas of
the trace were used for the calculation. Figure 2 saows sketches of

typical oscillograms for "insuleting" and "corducting" conditions, the latter
{1} 1netrating a longer dischurse with some evidence ot rechtarging.

The spreed of resulte when several tests were made indicates that, where
contact conditions can be satisfa.lorily repruduced, the accurzey of the
method is batter than & 10 per cent, Tests wizh known capacitors, which did
not involve RS and RF, gave values accurate to - 3 per cent,

%2 Effect of Size of Footwsar and Size of Person

It wes desirable to determine the effect of size of footwear in case it
magked some of the effects due to variations in type of footwear and floor.
Tests wore confined to one fivur, linoleum on gritless asphalt, using the
same type of footwaar, antiatatic half-Woullivgtons, for each person. Thic
ensured a reasonable degree nf reproduciviiity. The results are sncwn in
Table 1,

TABLE 1

Effoct of Size of Footwear o: Capacitance of Person
Standing on Linoleum Flooy

Size of Half-Wellington Capacitanne, yuF
6 160
1 115
8 180
J “90
10 .00
11 200

As expected, increasing the cize of half-Wellington, i.e. increasing the
arca in contact with the floor, raised the capacitance. Thus a person
weasirg s8ize 11 has a capacitance about 25 per cent greater than one wearing
size 6, This is not a large increase and the diffevance in sole and heel
arcas in contact with the floor can account entirely for {t. The size of the
wearer would also have a suall effect, and to diiferentiate betiween these
factors ons would have to test, say, a group of men of differing .ights all
wearing the same size snoes.

3,3 Effect of Type of Footwear and Type of Floor

The eftect of type of footwear and the type of floor was daterminec v
carrying out tests on two subjects wearing size 8 and size 9 shoes respec'i s...
The results are summarised in Table 2 {p. 4), from which the rollowing
conclusivus wey e drawn.

JTABLE 2 40.us

-2a
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3.3.1  The degroe of conduction of tho footwear, and in pasticular of
th? floor matorial, exerts a marked influonce on the cepacitance, For
cxaaplo,.a porson woaring size 8 shoes having insulating rubbsr composition
solrs has a capacitance of 150 wuF on a floor of gritless asphal coverad
with linoleum, and one of 300 upF on 2 flocr of conductive rubve;s  The
capaciitance of tho samo person wea~ing conductivo rulber shoes variss from
160 jpF on vz linelsan to about 1500 upF on a conductive rubbor floor or a
copper sheet connected %o eazth. X% will be seen that the ruocter shoes,
wkather insulating, antistatic, or conductive gave svlf-consistent results for
the two parsons. Tosts with leatisxr-soled shoes showed them to be quite
variable. Since their resistance deponds largoly on absorbed moisture and
salts, the range of values of resistance noted on many occasions is
reflectad also in these cepacitance measurements, The tabl: shows values
for leather spanning the whole range of thuse for insulating and conductive
footwear, the former predominating. These new results confirm tho
undesirability of using leather-soled shoes for antistatic purposes, uvaough
of course 1 this respect they are tetter thun shoes with soles of ordinary
rubbexr or ¢f composition.

3.3.¢  The proximity of large earthed objects has little effect, For
example, Lhe cumbination of .ubver ccuposition soles and linoleum gives a
capacitance of 150 4F in tho open laboratory as noted in Section 2,3.1, and
160 P when staniing close to a large steel cupboard comnected io earth.
If the person i3 wearing conductive footwear these values may be increasad
to 160 HHF and 200 puF resrpectively.

3.3.3 A combination of footwear and floor haviang a total resistance
greater than 1000 megohms, and therefore quiie unsafe electrostatically, gives
valuss for dynamic cepacitances in the range of 150 to 300 upF, this boing
the lower group of values as determined by the- charge-sharing method.
Combination of antistatic or conduciive footwear with conductive floor
(conductive rubbsr or a metal shect) i.o. total resistance less than 10 megohms,
and therefore regars.'ed as.offering protection from electxostatic huzard, gives
values of TOO to 1500 R,

Howaver, an antistatic floor, though complying with the resistance
requirements using metal electrodes as in B.S.2050, showed leakage resistances
through persons in conductive footwear as high as 1000 megohms, and gave.a
capacitance of about 400 puF with conductive footwear. This was a floor on
which such a combination gave an electrostatic pelential of 60 volts on
sliding the foot (3).

A galvanised iron grid (shoe scraper) which has been used in this
Iaboratory as a localised source of leakage to earth provided a capacitancc of
400 to 900 upF with conductive footwear. These lover valnes for conducting
conditions as compared with the 700 to 1500 upP range quoted above arsc due
to the smaller areas of contact than with-flat surfeces. The small contact
area gives high local pressures, and consequently comparatively low resistance
paths, thus offering dual advanteges from the electrostatic point of view.

3.3.4 Of two typical outdoor surfaces, concrete when dry showed
capacitancy of 140 - 205 uuF with ordinary rubber shoes and 290 puF with
conductive rubber shoes. Resistance tests on a relatively dry and cleen
indoor concrete surface gave leakege resistance of 6 to 12 megohms with the
conductive shoes. Resistunces wi'h these shoes on dry asphalt were, howover,
greater than 1000 megohms, so thai asphalt must be grouped with other unsafe
surfaces., Concrete on the other hand uppears to be relatively safe.

Y/

-5 .
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4. MEASUREMENTS OF SKIN RESISTANCE

Skin resistanca can be moasured in two ways {a) by a continusus-current
method, or (b) by a dymamic method, i.e. using an oscillographic sechnique to
follow a discharge. The second method is particularly valuable us it enables
resistances to be measured at potentials and currents which would bo fatal
under the conditions of the first method. The primary interest is the
recistance of the tip of the finger since this is the point &t which a discharg
usually takes place.

4.1 Continuous-Curront Measurements

Thege were carried out very simply with a battery and microammeter.
The left forefinger of each subject was placed in contact with a circular
piece o7 hruss, 0.8 cm? in area, and the right hand, moistened with potassium
chloride solution, was pressed on to a brass plate of area larger than chat
of the hand. In this way lho effect of added resistance of the right hand
was mininised, and the resistance measurcd could be regarded as that of the
left forefinger tip. Table 3 shows the reosults, tests being carried out at
70°F and about 40 ver cant r.h, A mavimum zurvent of 1 mA. was ussd.
Values muck in excess of this are uncemfortable (4).

TABLE 3

Fingar-Tip Resistances of a Number of Subiects ot Different
Applied Potentials (Continuous=Current Method)

Resistance (x 1000R) iHeasured with
Subject Applied Potentials
to- 12v |a2sv |36v [ 48V | 60V
1 240 225 180 96 60
2 400 340 - 320 210
3 1200 400 - 150 58
4 400 270 - 160 -
5 150 8o 45 - -
6 50 {27 - - -
1 300 240 90 48 -

The values chould bo regarded as typical and not absolute for the following
reasons. Though the skin-was in every case in & "normaily" dry condition
for that person, subsidiary tests showed that, if the person had just washed
his hands, the resistance observed could be lower by a factor of about 2 for
those with normally moist skin, and by a factor of about 10 for thoso-with
naturally dry skin., Minor differences were elso observed according to the
thicknoss of the skin ai the porson's finger-tip. The application of barrier
creams, Rozalex Nos. 1, 2, 4, 5, 8 and 10, decreased the resistsnce by about
25 per ccnt, while the presence of dirt tended to increase tho resistance.

From Table 3, it will bte seen that Ohm's Law is not obeyed. The values,
over the range whers ths surrcnt, I, it grewtor Shen 100 ph, con ba reprosgonted b
& relationship of the form

/“!h?!‘e Tivee
-6 -
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where x n 0.7, and A iz a consiuni depending on the personal characteriatics
of the skin. Similar results nave been quoted by Emerson (5).

These deviations from Chm's Law huyz considerable importance .in relaticn
to tho electric-mzins-shock hazard. However this aspect can be discussed
more profitadbly after tho high voltage measarvsmenis have been considered (see
noxt section and Seciten 5).

Tabla 4 shows the skin resistance measured at 50 voits for tho following
conditions, thw hand bteing in a '"wormally™ dry state for each test:

{a) the ieft hand, holding the dbrase rod electrode 1 inch Aismeter
4 inches Jong, with an effootive contact area of 20 cmd

(v) the tip of the lef} forefinger touching & circular brasc electrode
with an effective contact area of ahout 0.8 cuf

{c¢) +ho tip of the left forefinger pressing on to a grawopnone neeule
contact with modorate pressure,

(a)  +he some
et b
The terms "moderate" and "light" contact have to be interpreisd rathor broadly,

the former corresponding to a pressure just less than would pierce the outsx
skin., The right hand was "connected" to the circuit as tefors.

BB 4

Resistances in Ohms at Hand and Finger-ip Electrodes
Measurcd at 50 Volts

Needla Point

Subject Hand, Finger-Tip,
No. | Area 20 cu® | Aroa 0.8 ot [yoqointe ontact | Light Contact
1 7 x 103 25 x 10* 1 x 1o® © 5 x 108
2 8x 103 15 x 10° 0.7 % 10° 2 7108
3 7x10% | 4 =10 < 0.1z 10% 0.1 z 10°
4 10 x 103 22 x 10° 1 x10° 2 x 10°
5 5z 10° 5 x 10" 0.5 x 10° 5 x 10°

A value of 4000 okms has been given (6) for the resistance beiween two hands
at 4 voits.

4.2 Dynamic-Resistunce Measurements

Resistanco values occurring during actual discharges- from the left hand
of a number of subjects were measured by a simple development of the method
used for defermining capacitance. The resistance Rw wes omitted from the

circuit so that the fall of potential on the body was controlled only- by the
effactive skin resistanco, and the capacitance of the person as determined
in Section 3.  Vhere low skin resistences appeered it was convenient to «dd
a further capacitance of 500 puF in parallel via another brass rod. olectrode
held in the right hand {uee Fig. 3). As vefore, this hand was moistened
with potascium chloride solution to minimise the effects of skin resistance

Jbotween «v...

-7 =
UNCLASSIFIED




betwoen it and the brass rod, since it was ab thic point that the potential
was indicated by the oscilloscepe. A Plank test showed that the time constant
of this part of the circuit was of the order of 20 nanoseconds, indicating

that the body potential was followed closely by this rod electrode.

The rosulis, shown in Table 5 were determined throughout from the
oscillograms at points corresponding to approximately 200 volis, for tho same
hand conditions as described in Section 4.i.

TABLE 5

Dynamic Resistances aé_}he Hang and Finger-Tips of
Various Subjucts, iua Ohus

Subject Hand, . Finger-Tip, Heodle Point

No. Aroa 20 or | area 0.8 e { Moderate Contact Li&ht'Cohtact
f 430 1000 45x10 L 670t
2 550 1400 7.4 x 10 6.5 x 10°
3 590 1500 6.5 z 10" 2,2 % 10°
4 340 1 4400 2.4 % 1¢ 4.4 x 10°
5 490 1900 5.2 x 104 0.8 x 10°

The very low resistances recorded in -the second column wers calculated
from almoct purely exponential oscillograms, showing only nminor increases in
resistance .as the potential dropped from about 200 to 50 vo.is. This is
in conirast to vaivos cf 5,000 to 10,000 ohms at 50 velis when measured as in
Section 4.1 (Table'4). Since thess low resistances might be expected to be
near the value corresponding to critical demping-of the circuit, depending
on its self-inductance, it was thought thet the oscillograms may commence as
a single oscillation and become exponential as the resistance increased. An
equivalent circuit was- therefore made up from a coramic supacitor discherging
through a 500-ohm carbon resistor. This gave similar oscillugrams to those
found for column-2, and in fact oscillations.were observed only when the value
of tho carbon resistor was less thas 50 ohms, showing that tho effect of zelf-
inductance of the circuit was negligible (compare the resulis given in
BE.R.DuE. Report No. 4/R/56 (7).

The values of resistance given in column 3 are again lower than would be
expected from measurements of the typs described in Section 4.1 (Tables 3 and
4). The oscillograms show that the resistance rose from the values given at
a potential of 200 volte, to atout 5,000 ohms at 50 volts i.e. Ohm's Law was
not obeyed.

4.3 Effect of Type of Socks on Cavacitance and leakage Resistance

It was found that within 2 minutes of putting on thin nylon socks and
conductive shoes, the resistance to earth from the hand through the fooiwear
and & conductive rubber floor was about 500,000 ohms. The corresponding
capacitance was about 650 to 800 MuF,  (This degree of conduction was also
achieved within 2 minutee in the case of a lady wearing nylon stockings with
size 4 conductive shoes).

The same tests when repeated with the same male subject and shoes but
wearing thick woollen socks, showed resisfances of 30 megohms after 2 .iinutes,.

Jand seeoe
-8 -
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and 0.6 megohm after 45 minutes. The corresponding capacitances wers

640 puF and 1350 £uF respectively. It appears, therefore, that with thin
nylon socks which are ron-absorbent, conducticn is established almoast
immodiately.  On the other hand, thick woollen socks require saveral minuvtes
Jbefore absorbing sufficient moisture to establish conduction. This process
ig accompanied by an increase in the effective capacitance.

5.  DISCUSSION OF RESULTS AND THEIR RELATION TO ELECTROSTATIC HAZARDS WITH
PRIMARY EXPLOSIVES

The values obtained in this report for human capacitances eand resistances
cen now ke discussed in relation to the cloctrostztic hazard in handlin
loose primury explosives. Under the conditions employed in the conductive-
rubber base electrode method of spark-ignition test it has been shown that
load azide (greater than 97 per cent purity), mercury fulminate, and silver
azide could only be ignited if the capacitor used in the test exceeded 400,
450, and 500-UHF regpectively. Table 2 shows that these values are exncacded-
only where there is adequate leakage to earth through fooiwsar and floor.
If fully insulating conditions ware prerent, as would be the case with shoes
having ordinery rubbor or synihetic soluy, on a linclsum or ordiumary rubber
floor, the effective capacitance i.e. 150 to 170 HMF is appreciebly less than
the minimum capacitance for ignitions for those compounds quoted abuve.
However it wouid not be safe to handle these compounds undor such conditions
for two reasons. Firstly, if the person is holding some -object-which itself
has-a capacitance of several hundrsd micromicrofarads, the total effective
capacitance at the time of discharge could exceed the minimum capacitances
quoted above. Secondly, it is known that lead and silver azides can be
ignited by a contact type of discharge between two metals, for which the-minimum
capacitance for ignition is much less than the effective capacitance of the
person handling them. Lead azide, for example, can be ignited with capacitances
as low as 30 puF with no added resistance (2). The potential required for =~
ignition is also not more than a few hundred volts, so that footwear and Fflooring
must both be conductiva,

With the more sensitive explosives, e.g. lead styphnaze and L.D.N.R., %he
minimum capacitances for ignition are 20 and 40 upF respactively., A1l
combinations of footwear and floor give capacltancas exceeding these values,
and thus it is essential that they are both of conductive grade.

The overall picture can be shown more strikingly if the effective

capacitances, and possible elecirostatic potentials as detexwined previously {3)
are utilised to calculate the energy available, as in Table 6 (p. 10).

JTABLE 6 .....
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TABLE 6

Capacitancos, Potentials, and Energies due io Foot
Movements of Porsons in Insulating and Conductive
Footwear on Insulating and Conductive Flouring

Footwear Foor Capgc%ﬁg;ce, Pobgg:iilénv, Reﬁ?giigZe, i.gggrﬁgég
’ Foot Sliding | R, Megohms ’

Comgaaition |Linoleum 150 > 1,000% > 1,000 - > 7150
Composition [Cond. rubber 2060 > 1,000% > 1,000 > 1,000
A[s rubber |A/S rubber 425 ~ 100 50C to 1,000 21
Cond. rubver|binoleum 1€0 200% > 1,000 22
Cond. rubber|A/S rutber | 405 60 1,000 1
Cond. rubber|Dry concrete 290 20% 6 to 12 0.6
Cond. rubber}Cond. rubber 1,4%0 2 % 1o ] C,03 1o 0.7

Notes These tests were all carried out at approximately 40 per cent r.h.

#Additional measurements no% included in Z.R.D.E. Report
No. 22/R/60 (3)

Afs = Antistatic
Cond = Conducting

The petentials acquired when the leakage paths are greater than 1,000
megohms are very dependent on several factors, including relative humidity and
cleanliness, However,potentialc sbove 1,000 volts can frequoently be obtained,
Sliding off a stool produces even lerger potentials (3). Table 6 shows that
with- the larger capacitances the electrostatic potential is so small that
the resultant energy is u fraction of an erg. Consequently the all-conducting
state, despite the larger e.fective capacitance, is 82fu electroutaticaily.

The new values of skin resistance as determined under discharge conditions
have 2 bearing on ths frequency of spark splitting, on the energy dissipated
from a charged person, and on the validity of the conducting-rubber bace method
of igrition testing.

“he dynamic resistance values at 200 volts for finger-tip contact, and
a nand clasping a 1-inch diameter rod, ars about 2,000 ohms and 500 ohms
respectively. This muans that a conductive motal object held in the hand of
a charged person is recharged in & few microseconds, and this is capable
of giving rise o a succession of sparks to earth, the interval between them
depending on the rate of upprosch. This was illustrated previously (2).
For the case of a gaseous spark jumping from the finger of a charged verson,
then the oporative resistance is mere likely to be in the range found for
needle-peint contacts, i.e. say, 50,000 t0-500,000 ohme, depending on the
pressure exorted by the finger on the needle. Measurements of the operntive
resistance in the ccnducting-rubber base method of ignition testinc gave a
value of 100,000 to 250,000 ohms depending on the podential {2). Thus the
resistances in practice and in the %est are very similar. Moreover, it
was ostablighed (7) that the proportion of energy appearing in a spark gap
is independent of the circuit resistance where this is between 2,000 ohms
and 3 megohms. Consequently, if the operating resistance was considerably

/lower seeee
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lower, as in the finger-tip cnse, the conducting-rubber base method i3 not
invalidated, since the tsst carried out with an effective resistance of
2,000 okms should give similar results to thy normal ones of 100,000 to
250,000 ohms., This has recently bsen confirmed for the ignition of lead
azide.

I{ would be very useful if a- circuit equivalent to a human could be
designed, so that, by simple change of some of the capacitors und resistors,
all the possible variations of environment and footwear could be simulated.
Various atlompts wors mado to deviss a circult consisling of 190 cepacitors
in parailel and one in series with various letk resistors, but difficuliies
arose over physical representation and some of' the nuzierical valwes. On
the other hand, it is comparatively casy to design a circuit consisting
bagically ot a capacitor of, say, 150 uuF being fed from a iarger one so
that the charge on the former is maintained over a longer period of time,
and thus appearing to give a discharge from an apparently larger cavacitor.
A capacitence measurement using a brass foil electrode inside the sock ¢f a
perscn wearing conductive footwear on a conductive flour gave a value of
epproximately 2000 upuF compared with 1200 — 1450 puF as-determined by a
discharge from thc hand. This suggests that the largor effociive capacitnce
obluined wilh conduciing condivions is-aue to the "feoding" of charge from
a larger capacitance at the feet by virtue of the decreased resistance at
that point, to the smaller capacitor discharging at the hand. Under
insulating conditions this replenishment process is conirolled by a smeller
time constant, and the discharge is effectively thet from a single capacitor.
Since ignition hazards.-zre only likely under ihese insulating conditions,
corresponding to capzcitences less than 300 ppF, the human discharge circuit
is therefors adequaicly represented by a single capacitor discharging
through a single resistor of value dopending on the area of skin involved.

The resistance results are of interest in considering the question of
shock from the a.c. mains suprly. Since the resislance at a hand can be as
low as 500 ohms (moasursd at 200 volts) the current could be-as high as 0.5 A
if there was already a- low resistance path to-earth. One can readily
understand people being eloctrocuted by the mains supply if a direct earth is
made for example with a wet hand on a wetal pipe. If the latter situation
is avoided, -safety is normally assured becazuse ths rerson is wearing insulated
shoes and stands on an insulated floor. For antistaiic pracautions these
latter conditions are deliberately altered, and to avoid shock from the mains
a lower limit of resistanco i3 placed on antistatic floors and shoec of
50,000 ohms (B.S.2050)., Thus at this limi%, the current could be about 5 mA.
Thiz has bsun regarded as quite safe for alternating current using a hand
electrode (4), but it has beon found that this current is very uncomfortable
if passed- through the finger tip cnly. Usually the actual leakage resistance
through shoes-and floor is considerably higher 1“an this and there is little
chance of' the currenl wavowding the lowest perceptible amount which is
approximately-1 mh. However it can be seen from Table 6 that combinations
of antistat.c floor and antistatic shoes can give rise to stored energies of
twonty ergs.  This should be borne in mind when handling primary explosives
and electrically initiated stores under laboratory or inspection-room
conditions where antistatic materials are used rather than conductive ones,
due to the possibility of mains shock. When there is little risk of the
latter, then ccnductive flooring and shoes should be used.
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The eloctrical capacitences of a number of subjects wearirg
insulating or conductive types of footwear on various insulating or
conductive floors have teen mausured. The effuciive skin resistance,
under low-voltage continuous-current conditions and during
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relation to the electrostntlc hazard with primary oxplosives.

12 ppey 3 fig., 6 tables

UNCLASSIFIXD

UNCLASSIFIED

BiReDeEs Roport The Measurement of Human Capacitance and
No, 18/?/62 Resistance in Relation to Electrostatic Hazarde
with Primary Explosives

A.C. Cleves and J.F., Svmner November 1962

Tha elsctrical capacitances of a number of subjects wearing
insula g or conductive iypes of footwear on various insulating or
conductive floors have been measured. The effective skin resistance,
under low-voltuge continuous-current conditions and during
electrostatic diacharges from ths hande and finger tips, havs been
determined. The rasults of those measurements aro discussed in
relation to the electrostatic hazard with primary explosives.

12 pp., 3 £ig., 6 tables
UNCLASSITITD




Lo
[dstl]
Sl P

RTINS

Lo NG AT S

S BIURGLA ] T

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

US.A.

AD#: AD0292685
Date of Search: 1 Jul 2009

Record Summary: AVIA 37/1091
Title: Measurements of human capacitance and resistance in relation to electrostatic
hazards with primary explosives
Availability Open Document, Open Description, Normal Closure. before FOI Act: 30 years
Former reference (Department) ERDE 18/R/62 .
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



